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METAL VACUUM SEALS FOR THE*AGS 

This r epor t  i s  intended t o  summarize the 'work done on developing metal  
vacuumlseals f o r  t he  AGS. 
as w e l l  a s  a method.of I e l e c t r i c a l l y  . i n su la t ing  vacuum.chambers. Also, t o  
f a c i l i t a t e i t h e  purchase of new s i z e  metal  s e a l s ,  drawings and spec i f i ca t ions  
are being included. 

I n i a d d i t i p n ,  a new s e a l  ma te r i a l  w i l l ' b e  discussed 

Af te r  reviewing and t e s t i n g  many types of seals i t  became apparentpthat  
t h e r e  i s  no one metal  gasket t h a t  can b e  used as un ive r sa l ly  a s  t he  rubber 
O-ring. Therefore,  one has t o  f i r s t !  consider  t he  s p e c i f i c  app l i ca t ion  and 
then the  metal  gasket  which b e s t  s u i t s  t h e  job. Fortunately,  t h e  major i ty  of e 

seals i n  the  AGS haxe the  same requirements.band+there a r e ?  a few gaskets  ava i l -  
ab l e  which have proven t o  be r e l i a b l e  f o r  t h i s  appl ica t ion .  

I n  genera l ,  one cannot simple order  a metal  gasket  from a s e a l  manufacturer, 
a s  a d i r e c t  replacement , for  a rubber O-ring, and expect t o  have a r e l i a b l e .  
vacuumaseal. For example, a , s o f t  p l a t i n g  such as indium i s  a must f o r  vacuum 
sea l ing .  
t h e  b a s i c  seal design proposed i s  a gasket  t h a t  s t o r e s  energy when compressed 
i n  t h e  groove and maintains s u f f i c i e n t  s ea l ing  fo rce  o n < t h e  s o f t  p l a t i n g  t o  
e f f e c t  t h e  seal. 

For the -  AGS where the  gaskets  a r e  most o f t e n  used i n  0-r ing.grooves,  

Generally speaking, t h e r e  are two bas i c  types of gasket  ava i l ab le ,  the  
machined seal and t h e  mechanically formed seal. 
the  Lo-Load s e a l ,  "Vee" sea l , ;  "K" s?alJk "X" seal. 
hollow O-ring, C-ring, oval  r i ng ,  e t c .  The formed gaskets  have the  advantage 
of being a b l e  t o  be  shaped t o  f i t i d e s i g n s  such as e l l i p t i c a l  o r  rec tangular  
and they are genera l ly  less expensive, approximately by one-half t o  one-third.  
The machined s e a l s  a r e  con t ro l l ed  very accura te ly  and s ince  they a r e  machined 
from a r i n g  o r  p l a t e  there i s  no chance of l o c a l  d i s t o r t i o n  from welding which 
i s  an i n t e g r a l  p a r t . o f  t h e  manufacturing process of formed sea l s .  
t he  Lo-Load seal, t he  C-ring and the  hollow O-ring i n  t h e  AGS with good success. 
However, because i t s  b a s i c  design produces a uniform and con t ro l l ab le  weld * jo in t ,  
t he  C-ring has  been se l ec t ed  as the 'most  p r a c t i c a l  and economical one t o  use  i n  
the  AGS. 

Examples of machined seals are 
Some ,formed gaske ts  a r e  t h e  

We have used 

Manufacturing techniques i n  t h e  production of the  hollow O-ring have 
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made g r e a t  s t r i d e s  and produced r e l i a b l e  s e a l s  and.can be  used a s  an a l t e rna te .  
Machined gaskets such as  t h e  Lo-Load work very wel l ,  but2 t h e i r  high c o i t  must 
be considered a s  t h e i r  main disadvantage. 

e 
T a b l e e l  i s  t y p i c a l  of t h e  information which should b e  spec i f i ed  when order- 

ing  metal gaskets. 
respec t ive ly  l i s t i n g  dimensions to be  used w i t h  our AGS standard O-ring grooves. 
This o u t l i n e  can a l s o  be used when ordering o ther  gaskets,  however, s l i g h t  
adaptations may be necessary t o  s u i t !  t h e  appl ica t ion ,  

Figures 1 and 2 b e  drawings of a t y p i c a l  C-ring and O-ring 

When one i s  not r e s t r i c t e d  t o  using an  O-ring groove t h e  m e t a l  seal can be  
used between f l a t  f langes with a r e t a in ing  r i n g  t o  l o c a t e  and l i m i t  compression 
of t he  sea l .  

Another s e a l  design worth of mention i s  t h e  aluminum f o i l ' s e a l .  
ik 

This seal i s  recommended f o r  laboratory.  systems, aluminum o r  s t a i n l e s s  s tee l . .  
Special  machining of the flanges i s  required and nominal 1% m i l  aluminum f o i l  
i s  used as t h e  seal. 
f langes ,  s ee  AGS Division Technical Note No.  26 f o r  d e t a i l s .  

This design cain be modified and used with p l a i n  f l a t  

A duPont polyimide r e s i n  tradedarked "Vespel" i s  a r e l a t i v e l y  new ma te r i a l  
which can a l s o  be considered f o r  u se  as vacuum sea ls .  It can be  used where metal 
s e a l s  are imprac t ica l  and where elastomeE seals w i l l  no t  su f f i ce .  
c e l l e n t  r ad ia t ion  r e s i s t ance ,  low outgassing r a t e ,  high d i e l e c t r i c t  s t rength ,  
and good thermal and.mechanica1 proper t ies .  A gasket (Fig. 3) w a s  machined and 
t e s t ed  i n  the  laboratory. Sealing forces  were comparable to  those f o r  t h e  metal 
gaskets. 
Hefilm. Tests a t  AGS have shown t h i s  a ter ia l  t o  r ema in - f l ex ib l e  a f t e r  i r r a d i -  
a t i o n  i n  t h e  g raph i t e  r e a c t o r . t o  5x10' rads. Mylar which recevied t h e  same 
dose w a s  b r i t t l e  and f rac tured  when flexed. H-film seems we l l - su i t ed  f o r  use 
as windows on beam pipes. 

It has ex- 

Polyimide i s  a l s o  ava i l ab le  i n  t h i n  shee ts  under t h e  trademark "Kapton" 

To e l e c t r i c a l l y  i n s u l a t e  vacuum chambers a ceramic-coated s t a i n l e s s  s teel  
f lange  w i l l  be used t o  r e p l a c e a t h e  Hylar i n s u l a t o r  between chamber flanges. 
The b o l t $ i n s u l a t o r s  w i l l  continue t o  be.used. Drawing D05-M-791-3A shows t h e  
i n s u l a t o r  proposed f o r  t h e  AGS. For f u r t h e r  d e t a i l s  see AGSCD Technical Note . 
No. 26. 

For supp l i e r s  of m e t a l  s e a l s  see Machine Design Publ ica t ion  "Seals" 3rd 
Edition,.. March 9, 1967.. 

*,T.H. B a t z e r ,  Flange Design using Aluminum F o i l  f o r  UHV,Applications, 
UCRL-7393, ENA-129, NOV. 1963. 



TABm:, 1 

Notes Common t o  A l l  Metal Sea ls  

1. 

2. 

A l l  dimensions apply before  p l a t ing .  

Lap o r  hone sea l ing  sur faces  t o  a 32 micro-inch f i n i s h  before  

p la t ing .  

I r r e g u l a r i t i e s  i n  s e a l . h e i g h t  r e s u l t i n g  from welds, dents ,  

s c ra t ches ,  e tc . ,  are no t  t o  exceed 0.0005. 

I f  welded r ing ,  weld t o  b e  vacuum leak  t i g h t .  

P la t ing :  n i cke l  s t r i k e ,  l ead  p l a t e  0.0015'! t h i ck ,  followed 

by indium p l a t e  0.0005"thick. 

No f i n i s h i n g  t reatment  sucG as  pol i sh ing  a f t e r  plaEkng. 

Seals t o  be  s u i t a b l y  packaged f o r  *shipment and :s torage.  

s t a p l e s  o r  c l a sps  a r e  t o  be  used which may damage p l a t ing .  

C e r t i f i c a t i o n  r equ i r ed -on  material, <dimensions and p la t ing .  

Lay of f i n i s h > t o  be  concent r ic  with sea l ing  l i ne .  

3. 
JP 

4.  
5. 

6 .  

7. No 

8. 

Dis t r ibu t ion:  AGS Mechanical Engineers 
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Mater ia l :  Inconel  a l l o y  X-750 
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Diameter equal  t o  groove diameter p l u s  1/64.. 

Fig.  1 "C"-Ring 



-5-. 

I 

t 

Nomina 1 
Size 
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Groove (AGS: Staqdard 
- 
Depth 

.206 8 
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Width 
t ,1164 

111.32 

9/32 
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I".' 5/32  

Seal 

H 
f .003. 

,225 

.175 

.093 

.L e 
;,f .001... 

.020 " 

.020 

I *  "A006 ' 

Diameter " ~ ' t  equal to groovesdiameter plus 1/6& 

Fig. 2 0-Ring 
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Groove depth . 2 0 6 c 1 . t  .005 I 

Material "Vespel" SP-1 annealed 
I 

Fig. 3 "Vespel" Sea l  


